e studied 99 patients who were undergoing total knee arthroplasty (TKA) to determine the optimum protocol for the administration of tranexamic acid (TNA) in order to reduce blood loss. It decreased by more than 40% after the administration of TNA. The haemostatic effect was greatest when TNA was given preoperatively and on deflation of the tourniquet. There was no increase in the incidence of adverse affects in the patients receiving TNA, compared with a control group.
Total knee arthroplasty (TKA) may be associated with considerable blood loss and transfusion carries significant risks of an immunological reaction and the transmission of disease.
Fibrinolysis is stimulated by surgical trauma, 1,2 and further augmented by the use of a tourniquet. [3] [4] [5] [6] Despite intraoperative haemostasis, blood loss after TKA may be related to increased fibrinolytic activity, particularly during and immediately after operation. Tranexamic acid (TNA) inhibits fibrinolysis by blocking the lysine-binding sites of plasminogen to fibrin. 7 The use of high doses of TNA during surgery has been recommended. Since continuous administration of TNA could conceivably increase the incidence of thromboembolic disease because of the potential haemostatic properties of TNA it is clearly important to determine the optimum time for its administration in order to achieve the maximum reduction of blood loss. In this study, we have evaluated the haemostatic effect of TNA by examining the differences in three groups of patients undergoing TKA who were given it by intravenous injection either once before operation, once on deflation of the tourniquet, or at both times, with a further group of patients who did not receive the drug.
Patients and Methods
The study was approved by the Ethics Committee at our hospital and all the patients gave their written informed consent. We enrolled 99 patients with either rheumatoid arthritis 8 or osteoarthritis 9 who were to have a unilateral bicondylar cemented TKA. The exclusion criteria were a known allergy to TNA, preoperative hepatic or renal dysfunction, serious cardiac or respiratory disease, congenital or acquired coagulopathy, and a history of thromboembolic disease. Non-steroidal anti-inflammatory medication was discontinued at least 24 hours before surgery. Pairs of ampoules, each containing 20 ml of either TNA (Rikavarin 100 mg/ml; Asahi Chemical Industry Co Ltd, Japan) or a placebo (physiological saline) were numbered and placed in envelopes at random by a pharmacologist. A slow intravenous injection of the contents of each ampoule, the constituents of which were known only to the pharmacologist, was given by the anaesthetist. The patients were given either: 1) saline twice, ten minutes before surgery and on deflation of the tourniquet (control group); 2) 20 mg/kg of TNA ten minutes before surgery and saline ten minutes before deflation of the tourniquet (preop TNA group); 3) saline ten minutes before surgery and 20 mg/kg of TNA ten minutes before deflation of the tourniquet (intraop TNA group); or 4) 10 mg/kg of TNA ten minutes before surgery and again ten minutes before deflation of the tourniquet (pre-and intraop TNA group).
A tourniquet was placed around the thigh and inflated to a pressure of 350 to 400 mmHg after exsanguination. The same design of cemented knee prosthesis (Nex-gen; Zimmer, Warsaw, Indiana) was used in all patients. The medullary cavity was plugged with bone. At the end of the procedure, the tourniquet was deflated and major bleeding controlled by diathermy before closure. One high-vacuum intra-articular drain was used. Physiotherapy was started on the first day after operation and the drain removed a day later.
The need for blood transfusion in patients undergoing TKA remains controversial. In 1988, the National Institutes of Health Consensus Conference 10 on perioperative transfusion suggested appropriate criteria and guidelines, which formed the basis for transfusion in our study. Apparent blood loss was determined by measuring the level of suction fluid and the changes in the weight of swabs. Blood volume was recorded in the drain after it had been removed. There is also a considerable amount of postoperative blood loss by extravasation into the tissues which is not evacuated by suction drainage. We therefore calculated the total blood loss according to the formula of Gross, 11 which uses the maximum postoperative decrease in the level of haemoglobin adjusted for the weight and height of the patient. Blood transfusions were recorded as the number of red cell MAP units (red cells in solution containing mannitol, adenine and phosphate) prepared from 400 ml of donor blood, 12 although red cell MAP units prepared from 200 ml or 400 ml of donor blood were used in this study. The level of haemoglobin was recorded before and on the first, second, fourth and seventh days after operation. Thromboembolic and other complications were noted during the hospital stay. As routine screening for thrombosis, all patients underwent bilateral radio-isotope venography (technetium-99m) between 7 and 14 days after surgery at which time standard perfusion lung-scan imaging was also performed. 13 We used a one-way analysis of variance for statistical appraisal of the data.
Results
The four groups were comparable in age, gender, bodyweight, height, operating time, duration of tourniquet inflation and classification of disease (Table I) . Blood loss and transfusion requirements (Table II) . The apparent and total blood losses in the groups receiving TNA were significantly lower than those in the control group with a mean level of 785 and 1470 ml, respectively (p < 0.01). The mean apparent and total blood losses in the pre-and intraop TNA group were 211 and 528 ml, respectively, which were significantly lower than those in the other groups receiving TNA (p < 0.05). The mean apparent and total blood losses were lower in the preop TNA group than in the intraop TNA group, although the differences were not significant.
The parameters of the transfusion requirements (the mean red cell units and the number of patients requiring transfusion) were lower in the groups receiving TNA than in the control group (2 units (p < 0.01) and 26 patients (100%), respectively). In the pre-and intraop TNA group they were the lowest of those receiving TNA, being lower in the preop group than in the intraop group. The differences in transfusion requirements in the three groups receiving TNA were not significant. Haemoglobin levels (Table III) . There were no differences in the preoperative haemoglobin levels in the four groups. The minimum postoperative haemoglobin levels were significantly higher (p < 0.05) in the preop TNA and intraop TNA groups on day two, and in the pre-and intraop TNA group on day four than in the control group on day one (mean, 7.8 g/dl). The minimum haemoglobin level in the pre-and intraop TNA group (mean; 10.3 g/dl) was significantly higher (p < 0.05) than that in the other groups receiving TNA. The mean level of haemoglobin was higher in the preop TNA group than in the intraop TNA group (9.2 g/dl), although the difference was not significant. Adverse events. There were no differences in the incidence of adverse events in the groups. One patient in each receiving TNA had mild nausea. No patient had clinical signs of deep-vein thrombosis or pulmonary embolism, and no other complications were noted. Radio-isotope venography and ventilation-perfusion lung scanning. There were no differences in the findings of venography or of lung scanning in the four groups. Twelve of 26 patients (46%) in the control group, 11 of 24 (46%) in the preop TNA group, ten of 22 (45%) in the intraop TNA group and 13 of 27 (48%) in the pre-and intraop TNA group had positive findings on venography. None, however, had positive findings on lung scanning.
Discussion
There are four methods of administering TNA in order to reduce blood loss in TKA: intramuscular, oral, intravenous and intra-articular. The time taken for maximum plasma levels of TNA to be reached has been reported to be 30 minutes for intramuscular, two hours for oral, and 5 to 15 minutes for intravenous administration. 14, 15 Ahlberg, Eriksson and Kjellman 16 found that TNA given intravenously diffused rapidly into the synovial fluid and membrane and thus there was no reason to inject it intra-articularly. An intravenous injection for patients undergoing TKA is the best method for rapidly raising and maintaining the therapeutic concentration of TNA 7, [17] [18] [19] [20] [21] [22] in the knee during and after operation. Pharmacokinetic studies 14, 15, 20, 23 indicated that a dose of 20 mg/kg of TNA is suitable for TKA since therapeutic levels can be maintained for approximately eight hours after operation, which covers the period of hyperfibrinolysis in cases of increased blood loss. 24 Several clinical studies have shown the efficacy of TNA when given before surgery 25, 26 or on deflation of the tourniquet. 27, 28 Two aspects were clarified in our study. First, the blood loss in TKA was decreased by more than 40% after the administration of TNA. The haemostatic effect was best when TNA was given once before surgery and once on deflation of the tourniquet. It was better when TNA was administered before operation rather than on deflation of the tourniquet. Thus, suppression of fibrinolysis from the beginning of the operation may be more effective than only at the time of the peak of hyperfibrinolysis later.
There remains uncertainty as to the place of antifibrinolytic drugs such as TNA in the clinical setting, although they may dramatically reduce blood loss, and particularly as to whether their use leads to an increase in the incidence of adverse events such as thromboembolism. A diagnosis of deep-vein thrombosis or pulmonary embolism should not be made unless clinical suspicion is confirmed objectively. In order to examine the postoperative incidence of thromboembolism, venography was performed at the time when the incidence of clinically evident thrombosis should be at its peak, between seven and 14 days after operation. 29, 30 There was no difference between the groups of patients receiving TNA and the control group. The high frequency of positive venograms in all groups (45% to 48%) is in agreement with other reports. 29, 30 A false-positive finding has been reported in 15% of patients. 31 This requires further examination.
Two injections of TNA, one given preoperatively and one on deflation of the tourniquet, significantly reduce blood loss associated with cemented TKA performed with a tourniquet, without increasing the risk of thromboembolic complications.
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